2-ethoxy-4-(4-phenyl-2, 3-dihydro-1, 5-benzothiazepin-2-yl) phenol (EPBTZ) and 2-(4-methoxyphenyl)-4-phenyl-2, 3-dihydro-1, 5-benzothiazepine (MPPBTZ) were synthesized by the condensation reaction between o-aminothiophenol and chalcone. The synthesized benzothiazepines were characterized by FTIR spectra. Their corrosion inhibition property on mild steel in sulphuric acid medium was investigated by weight loss and electrochemical techniques. Scanning electron microscopic studies were employed to examine the surface morphology of the inhibited and uninhibited metal samples. The compound EPBTZ revealed good corrosion protection property than MPPBTZ at all the temperatures studied. Electrochemical studies showed that the inhibitors behave as mixed type inhibitor retarding both cathodic and anodic corrosion reaction by forming an adsorbed protective layer.
INTRODUCTION
Corrosion of metals poses serious economic challenge to industries. Mild steel finds prominent application as structural material which is prone to corrosion in acidic medium. This problem paid the interest to corrosion scientists and engineers globally, to understand the mechanism and phenomenon of corrosion and to find appropriate solution to inhibit corrosion. Use of organic compounds containing heteroatoms and aromatic rings is one of the practical methods to inhibit corrosion 1 
.
Benzothiazepine received the attention of many researchers due to its wide pharmacological and biological applications over the past two decades 2 but the use of benzothiazepine as corrosion inhibitors has not been reported. The aim of the present investigation is to synthesize two benzothiazepine derivatives and to study the inhibition efficiency for the corrosion of mild steel in 1M H 2 SO 4 using weight loss, electrochemical techniques and quantum chemical calculations.
MATERIALS AND METHODS

Synthesis of benzothiazepine
T h e 1 , 5 -b e n z o t h i a z e p i n e w e r e synthesized by the condensation reaction between o-aminothiophenol and chalkone 3 The synthesized inhibitor was characterized by FTIR spectra.
S.No IUPAC Nomenclature Structure
FTIR spectra:
Material preparation
Mild steel specimens of dimensions 1cm X 3cm X 0.1cm with composition of 0.084%C, 0.369% Mn, 0.129% Si, 0.025%S, 0.022% Cr, 0.01%Mo, 0.015% Ni and remaining iron were used for weight loss measurements. For electrochemical measurements, mild steel rod of same composition embedded in Teflon with exposed area of 0.785cm 2 was used. The specimens were polished with various grades of emery sheets, washed with double distilled water, degreased with acetone and dried. The specimens were stored in a desicator.
Weight loss measurements
The corrosion media used is 1M H 2 SO 4 (100ml) without and with addition of the inhibitor. The pre weighed mild steel specimens in triplicate were immersed in the medium for 3 hours. The mild steel specimens were then removed, washed with double distilled water, dried and reweighed. From the initial and final weights of the specimen, the average weight Where, q is the surface coverage. The above procedure was repeated at different temperatures (313-333K).
Electrochemical techniques
Electrochemical measurements were carried out with three electrode cell assembly using IVIUM compact stat with IVIUM SOFT software. The mild steel rod was used as working electrode, a platinum wire and a standard calomel electrode were used as auxiliary and reference electrodes respectively. The electrochemical impedance spectroscopic measurements were obtained in the frequency range of 10 KHz to 0.01 KHz at the open circuit potential with peak to peak amplitude of 10 mV. From the Nyquist plot the charge transfer resistance (R ct ) and double layer capacitance (C dl ) were calculated.
Where, R ct and R ct * are the charge transfer resistance obtained in the absence and presence of the inhibitors.
The potentiodynamic polarization curves were obtained at a sweep rate of 1mV/s starting from200mV to +200 mV at the open circuit potential. 
I.E (%) = [(I corr -I corr(inh) )/ I corr ] X 100
SEM Study
The surfaces of the mild steel plates after immersion in blank acid and acid containing maximum concentration of the inhibitors were examined using Medzer Biomedical research microscope (Shimadzu, Japan).
RESULTS AND DISCUSSION
Weight loss measurements
The corrosion rate of mild steel with the addition of the benzothiazepines in 1M H 2 SO 4 , inhibition efficiency and surface coverage (q) are presented in Table1. From the table it is clear that there is an increase in inhibition efficiency with increase in concentration. At 10 ppm the efficiency reached an optimum value. Beyond this concentration, the efficiency was found to be almost constant.
Adsorption isotherm
The interaction between the inhibitor and mild steel surface can be studied using adsorption isotherms. The surface coverage values (q) obtained from weight loss method and were tested by fitting to various isotherms. It was found that the best fit was The value 55.5 is molar concentration of water. The value of "G ads is found to be negative and less than -40 KJ/mole ( Table: 3) suggesting that the adsorption of the studied benzothiazepines are spontaneous and involves electrostatic interaction with the mild steel surface.
The slope, equilibrium constant and regression coefficient are given in Table 2 .
Effect of temperature
The effect of temperature on corrosion and inhibition efficiency of the inhibitors was studied by conducting weight loss measurements at 303-333K. The data are given in Table3.
As the temperature increases, the inhibition efficiency was found to decrease. This may be due to increased rate of desorption of the inhibitor molecules at higher temperatures. The activation energy (E a ) calculated from the slopes of the Arrhenius plot (Figure 3 ) of the inhibited solutions was higher than the blank acid solution suggesting strong adsorption of the molecule on steel surface 4 . This increases the activation energy for corrosion process. The values of thermodynamic parameters such as enthalpy and entropy of activation were calculated from the slopes and intercepts of the transition state plot (log corrosion rate/T Vs 1/T). The slope of the straight line is equal to DH ads /2.303R and intercept equal to log R/Nh + DS ads /2.303R. The values are recorded in Table 4 .
The negative values of "H suggest that the adsorption of the benzothiazepines on mild steel is an exothermic process 5 . The DG ads values are less than -20KJ/mol which implies physisorption of benzothiazepine on the mild steel surface involving the positively charged surface and the lone pair of electrons on heteroatoms and p electrons of the ring. "S values are negative suggesting that the adsorption of the inhibitor leads to an ordered state during adsorption.
Electrochemical techniques Electrochemical impedance spectroscopy
The effect of EPBTZ on the impedance behavior of mild steel in 1M H 2 SO 4 is shown as Nyquist plots. The results are analyzed with an equivalent circuit model shown in Fig4. It is apparent from the plot that increase in the concentration of the inhibitor resulted in an increase in the impedance of the interface with increase in the diameter of the semicircles. C dl value decreased and the R ct value increased with increase in concentration. These results clearly indicate that the corrosion of mild steel in 1M H 2 SO 4 occurs through charge transfer process 6 . 
Polarization study
Polarization experiments were carried out to study the effect of the inhibitor on the electrochemical behavior of mild steel in 1M H 2 SO 4 without and with various concentration of the benzothiazepine. Electrochemical parameters such as corrosion potential (E corr ), corrosion current density(I corr ), cathodic and anodic Tafel slopes(b c and b a ) were derived from tafel plots (Figure5) .From the plots it is evident that addition of benzothiazepine decreased the cathodic current while in the anodic domain, the presence of inhibitor does not decrease the corrosion current. The inhibition efficiency was calculated using the equation, I.E (%) = [(I corr(Blank) -I corr(inh) )/ I corr(Blank) ] X 100
From the results it is clear that E corr values are shifted to less negative direction. Tafel slopes b a and b c are changed but b c is affected more. Hence the inhibitors can be regarded as mixed type but affect cathodic reaction more. Fig 6 and 7 show the SEM micrographs of mild steel specimen immersed in blank acid and inhibited acid (1M H 2 SO 4 + 10 ppm). It is clear that the surface of the mild steel in presence of the inhibitor is smoother when compared to the uninhibited solution, means that the corrosion of mild steel is reduced by the adsorbed layer of the inhibitor.
SEM Study
Theoretical Calculations
Quantum chemical calculations are used to correlate the molecular structure with the inhibition efficiency. Gaussian 03 program B3LYP/6-31G (d, p) was used and all calculations were carried out by complete geometry optimization. The optimized structure and frontier molecular orbital density distribution of the inhibitors are presented in Table7. The E HOMO indicates the ability of the molecule to donate electrons whereas E LUMO indicates the ability to accept electrons
